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Field of the invention 

The present invention relates to a color picture display device comprising a 
cathode ray tube (CRT) having means for generating at least two electron beams. Further, the 
invention relates to a method for operation of such a color picture display device. 

Background of the invention 

Different types of cathode-ray-tubes (CRT) are known in the art. The most 
common type of CRT uses a so-called shadow mask for controlling the landing of the 
electron beams on the phosphors on the screen. 

The CRTs normally use several beams that jointly scan successive lines of the 
display screen. In most cases three beams are used for display of the three basic colors (R, G, 
B), each beam landing via holes in the shadow mask on respective red, green and blue 
phosphors present in the display screen. 

Many attempts have been made to improve the resolution and image quality in 
CRTs. For example, US 4 322 750 discloses the use of motion-dependent line interpolation, 
US 4 602 273 discloses the use of a progressively scanned line interlace and US 5 260 786 
discloses sequentially line interlaced scanning. 

However, a reduction in spot sizes for high sharpness CRTs causes, the line 
structure to become more visible, especially with interlaced scanning. Thus, there is still a 
need for resolution enhancement in CRTs, and especially in the frame direction for the CRT. 
The frame direction is the direction perpendicular to the direction in which the lines are 
scanned on the screen. Particularly, there is a need for resolution enhancement in CRTs in 
which the phosphors for the three colors are deposited as sequential stripes in the line or 
frame direction on the screen. Further, several of the known methods for image enhancement 
are relatively costly and difficult to use in practice. 

In the early days of television, there were some attempts with color television 
displays using beams slightly shifted in the frame direction during a sweep in the line 
direction. Such a solution is presented in, for example, US 2 706 216. However, this known 
solution focused on other types of problems than the present invention, and, at that time, the 
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requirements on CRT displays were much different from today's requirements. Further, the 
separate color snipes will be visible, wmch deteriorates me picture quality. 

5 Summary of the invention 

I, is therefore an objeet of the present invention to provide a color picture 

be obtained. The invention is defined by tire independent olaims. The dependent elauns 

define advantageous embodiments. 
10 TteinventivedevieemaybeaCRTwithashadowmaskandphosphorstaps 

taor deIpmvide<heco,orco.r^^ 

other ways, such as in the line direction, or in other types of groupings, such as CRTs with 
dottedshadowmasks,e.g.describedinUS4 491 863. Vmchasa 
The inventive device may also be a CRT without a shadow mask, such as a 

greatly enhanced at moderate cost. 

Thebasicideaistodistributemecolorlinesasequidishmtiyaspossibleover 

irferleaved Themeans for divergmg me landing pointe may be a quadrupole mounted on ^e 
25 rlofmecamcderaymbe.Tbeeolorbe^maybedivergedfiexibly.andmebeamspo. 

"beerdisnced.Thepmposedsc^pattemsi^.mane^ 

apmgressivescanpattem.somatbomUnecrawlanddeteilfliclcerarerednced 
, n ^^embodimentthecolorvideodatansedtoconteolmebeammtensi^is 

taterp olatedmomer to rednceorc^^^ 

^olationsbetweenfrumesareperformedmcompensateformesbifrwim 
eriiscanlmepositions.Thede.mterlaemgwouldnomafrybede-mterlacmgfromfie^ 
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to femes and in the interpolation of mdividual color signals a poly-phase filter could he used 
,o eliminate phase errors caused by the shift of the beams. Alternatively, a monory to store 
only one or a few lines of the video signal may be used. The data of the stored lines are then 

used for the interpolations. 

In apreferred embodiment, the phosphor deposits for each color are arranged 
along essentially parallel lines in a deposit direction, which is different from the scanning 
direction, wherein the means for diverging the landing points on the screen drverges the 
beams in the deposit direction. Preferably, the scanning direction and the deposit direction 
are substantially perpendicular. 

The display device may comprise means for generating at least three beams, m 
which case, in the direction other than the scanning direction, the landing points on the screen 
for at least two of the beams converge. For still pictures, the perceived resolution then » very 
good. If on an average, the brightness of the two converging colors roughly sum up to the 
brightness of the non-converged color, mis way of scanning is perceived by the human visual 
transfer system as aprogressive scanning pattern. A favorable property of progressive 
scanning is that moving objects are not sensitive to line crawl. Another advantage of tins 
scanning scheme is that for a white horizontal line, tire amplitude of the luminance > 
distributed over the fields in the feme, so the luminance of this line is generated at the field 
rate, which is higher than the frame rate. This results in reduced detail flicker compared to a 

20 normal interlaced pattern. 

The invention may be applied to a display device operating in an interlaced 
manner. In this way, the frame rate is doubled compared to progressive scanning, while the 
line frequency and the video bandwidth are kept constant. A higher frame rate is 
advantageous for visual perception, since the human eye is more sensitive to large area 

25 flicker than to detail flicker. Interlaced scanning reduces large area flicker, at the expense of 
increased detail flicker. The invention may also be applied to a display device operatmg m a 

progressive manner. 

Many different types of interpolation means are feasible. E.g. a filter could be 
arranged for interpolation of me color component data for driving one of the beams. 

30 Alternatively,^^ 

These and other aspects of the invention will be apparent from and elucidated 

with reference to the embodiments described hereinafter. 



gri ft f description of the drawings 
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In the drawings: 

Fig. 1 is a schematic view of a color picture display device according to an 

embodiment of the invention; _ 

Fig 2 is a schematic illustration of scanning patterns in accordance with the 

5 priorart^hereFig^amustr^ 
scanning pattern; 

Fig. 3 is a schematic illustration of an interlaced scanning pattern according to 

a first embodiment of the present invention; 

Fig. 4 is a schematic illustration of an interlaced scanning pattern according to 

10 a second embodiment of the present invention; 

Fig . 5 is aschematic illustration of an mterlaced scanning pattern accordmg to 

a third embodiment of the present invention; 

Fig. 6 is a schematic illustration of aninterlaced scanning pattern accordmg to 

a fourth embodiment of the present invention; 
15 Fig. 7 is a schematic illustration of a progressive scanning pattern accordmg to 

a fifth embodiment of the present invention; 

Fig. 8 is a schematic illustration of a progressive scanning pattern accordmg to 

a sixth embodiment of the present invention; - 

Fig. 9 is a schematic illustration of a first type of interpolation means usable m 

20 accordance with the present invention; 

Fig. lOisaschematicillustrationofasecondtypeofinterpolationmeans 

usable in accordance with the present invention; 

Fig. 11 illustrates the effect of amagnetic field of aquadrupole on the landing 
points of the beams, as seen by a viewer in front of the screen; 
25 pig. 12 is aschematic view of a part of a cathode ray tube with a magnetic 

quadrupole, ^ ^ ^ ^ ^ ^ ^ ^ ^ rf ^ ^ 

the diverging of the beams by magnetic fields; and 

Fig. 14 illustrates an embodiment according to the invention with a rotation 

30 coil and a quadrupole. 



Tycrri ptinn of preferred embodiments 

With reference to Fig. 1 , the invention generally relates to a color picture 
display device comprising a cathode ray tube (CRT) having a gun 1 for generating one or 
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more electron beams, a display screen 2 and a deflection unit 3 for deflecting the electron 
beams across the display screen. The display screen preferably comprises a plurality of 
phosphor elements to form different colors, preferably red, green and blue. Each color group 
of phosphor elements forms apattem on the screen, for example aplurality of parallel hnes. 
The CRT is of the traditional type using a shadow mask. 

The phosphor lines are preferably arranged as stripes in the frame direction on 

the screen. Other arrangements, such as stripes in a line direction, or in other words in a line 

scanning direction are possible as well. 

In a traditional color CRT with an in-line electron gun, the electron beams for 
the primary colors red, green and blue land on Sesame line of the screen, as is illustrated in 
Fig. 2 with the landing points R, G, B. The circles in Fig. 2 up to and including Fig. 8 with 
different shadings indicate landing points R, G, B of the respective red, green and blue 
electron beams. If beams land on the same lines in line scanning directions, the landing 
points R, G, B are indicated by two or more circles next to each other in a horizontal 
direction in the drawings. In the vertical direction of the drawing, locations of the landing 
points in the frame direction, indicated by arrow y, are shown. In embodiments wherein 
landing points differ between odd fields OF and even fields BP, two subsequent fields are 
shown. Traditionally, the screen is sequentially scanned line by line, from one end to the 
other. Such progressive scanning is illustrated in Fig. 2b. The distance Ay is the distance 
between two subsequent frame lines in the frame direction. With interlaced scanning, as 
depicted in Fig. 2a, first, for example, the odd field OF containing the odd lines of video data 
is scanned line by line (the left hand image of Fig. 2a), and after that the field EF containing 
the even lines are scanned (right hand image of Fig. 2a), thereby creating an interleaved line 
25 pattern. In this way, the frame rate is doubled compared to progressive scanning, as is 

illustrated inFig. 2b, while the line frequency and the video bandwidth are kept constant. A 
higher frame rate is advantageous for the visual perception, since the human visual transfer 
system is more sensitive to large area flicker than to detail flicker. Interleaved scanning 
reduces large area flicker at the expense of increased detail flicker. 

30 

One of the trends in CRT design is to increase the display resolution. 
Therefore, the spot size (the cross-section of the electron beams on the screen) must be 
reduced. In doing so, the line scan structure becomes more visible both for interleaved and 
progressive pictures. With interlaced scanning also the so-called line crawl artifact becomes 
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toaMwbitetoage^bcc.usethev.eweroanstiUtrackataverbcai p 
is 2Ay. 

1 toaftste.nbodtaentusmganinterlacedscanpattem.as.howin 

phosphor colors ontesoraea.ThelandmgpomtsKG.Boffl.celeotto 
e fl «iL to Uyin«he & a m cd il ectionov eI adis^eof2Ay/3.1nanod dfi eldOF fll c 

, ^b^scat.fe^le.thcrespcotiveredandbluepl.ospborsoflmeU 
^chveelectronbeanis scan, fore P _ even field 

andatthesametimethegreenphosphorofanextlmeUM-ni h 

, ■ Aether with the red and blue phosphor of line U». 

greanphosphoroflmeUts scanned to g^wrur* toitoes 

Visibility of line structure and line crawl are reduced by distributing tne 
totetleaVe<1 - ^.andingpoin.aandBareurndsenibodinien.shif.edby^and^of 
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Fig. 3, the static tine distance IB. is Ay/3, and the line distance a, the critical velocity is 
In a second embodiment, illustrated in Fig. 4, the greenbeam is at the original 

Ay/2 ofhalfaframe line. With still images, the line distance then becomes Ay/2. Ann hne 
U forexample.isscarmedbymegr^nbeamdurmgmeoddfleldOF.whilean.l hne 
L-+1 is scanned by the blue beam during the odd field OF and bytheredbeam during the 
even fieldEF. The suumtedbrighmessresmto^^ 

greenbeam. Tbis isbasedonme fact thatthe relative contributions to me bnghmess of the 

betweenthe lines is doubled to 2x Ay/2 or one fiame line. In the embodiment ofFig. 4, me 
stotic line distance LD S is Ay/2, so the tine distance at me critical velocity U>„ > Ay. 

In a third embodiment, as is illustrated in Fig. 5, the green beam has the 
overasamemstanceAy,sooveronen^elmemstimee,wimrespeottomegreenbeam, 

bom landing on the same scanning tine on the screen. For still pictures, the percerved 
resolutionismenexpec.edmbemesameasformepattemshownmFig^alfon.m 

average, toW^n^^***^^^*** 0 "™** 

to Ms embodiment is mat for a wmtelmem me Imescannmg direction, which would be 
pre sentmomyonefieldofmescanningpa«temofFig.2a,pa rt oftheamplimdeofme 
ummanceisaMftedtomeMlftamemte.Wsresmtsmreduceddetitiimckerc 
.he normal interlaced pattern in Fig. 2a In the embodiment of Fig. 5, the static line drstance 
IX), is Ay, and the tine distance at the critical velooity LD„ is the same, >.e. Ay. 

in a fourth embodiment, shown in Fig. 6, the grouping of the color beam spots 
is essentially the same as m the third embodiment discussed above, bntthe tine distance nr 
to case is halved compared to the situation in Fig. 3. Thus, mis scanning pattern results m 
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an enhanced resolution in the frame direction for still images. The static line distance LD S is 
Ay/2, and the line distance at the critical velocity LD W is 3 Ay/2, so little reduction of line 
crawl is expected. 

' The idea underlying the present invention is also applicable to shadow mask 
CRTs in whichthe image is scanned progressively, and therefore two embodiments using 
progressive scanning 



will be discussed in the following, with reference to Figs. 7 and 8. 



In Fig. 7 the shifts of the landing points R and B in the frame direction y are 
+ Ay/3 and -Ay/3, respectively, with respect to the landing point G. In Fig. 8, the landing 
pointsBandRare shifted in the same directionby Ay/2 with respect to G, both landing on 
the same line. 

In the table below, properties of the interlaced and progressive scanning 
patterns with shifted scan line positions of R and B are gathered for comparison: 



15 



Pattern 1 


Resolution in 1 
still image < 


Resolution for i 
)bjects 1 
moving at a 
critical 
velocity 


Shift of < 
anding points 1 
RandB 


Dverlapping 
anding points 
within field 


Normal 
interlaced 


Ay 


2Ay 


0 


RGB 


Embodiment 1 
(Fig. 3)- 
interlaced 


Ay/3 


2Ay/3 


±Ay/3, +2Ay/3 


No 


Embodiment 2 
(Fig. 4)- 
interlaced 


Ay/2 


Ay 


±Ay/2,+Ay/2 


No 


Embodiment 3 
(Fig. 5)- 
interlaced 


Ay 


Ay 


±Ay 


RB 


Embodiment 4 

(Fig. 6) - 

— . ■ 


Ay/2 


3Ay/2 


±Ay/2 


RB 
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Pattern 


Resolution in 
still image 


Resolution for 
objects 
moving at a 
critical 
velocity 


Shift of 
landing points 
R and B 


Overlapping 
landing points 
within field 


interlaced 










Embodiment 5 
(Fig. 7)- 
progressive 


Ay/3 


Ay/3 


±Ay/3, TAy/3 


No 


Embodiment 6 

(Fig.8)- 

progressive 


Ay/2 


Ay/2 


±Ay/2 


RB 



The critical velocities at which visibility of line crawl is at a maximum are 
different for the various embodiments as shown in the table above. In a system supporting 
variations of the landing point at video frequency, beam shifts could be changed in 
5 dependence on the amount of motion in the frame direction present locally in the video 
image, in such a way that line crawl is minimized. . . . 

Preferably the color picture display device should further comprise means for 
interpolation of color video data used to control the beam intensity. By means of 
interpolation the video data may be calculated corresponding to the shifted landing points R, 
10 G, B. An embodiment of such interpolation means, especially suited for use with shadow 
mask CRTs, is illustrated in Fig. 9. 

The operation of the interpolation means in this embodiment is as follows. In a 
first step, the video signal Vj is de-interlaced in a first unit Gl from field to complete frames. 
In a second step (if the color in question is not shown at an integer frame line position) the 
15 individual color signals are interpolated and estimated from this progressive video signal 
using a poly-phase filter to eliminate the phase error between the video lines and the scan 
lines in the screen, hi this step, the signals are preferably processed in parallel. For example, 
the primary red, green and blue color video signals could be processed in separate phase shift 
interpolators G2-G4, and finally supplied to the picture tube G5 for generating subsequent 
20 images. 

The embodiment presented above is based on de-interlacing on frame basis. In 
a low-end TV-system e.g. a system based on a 50 Hz interlaced CRT, frame memories may 
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r*JZ~ shifted to different positions. The rnirdmum amount of storage capacftyfora 
UneareaUowedltis^henoWthatbao^dhrterpoiationeanbeappUed.nsnrgottiy 

ofF.gs.3-8. ^^^^odtoentoftheinterpolationme^nsisillnstrated, 

tfcesigalareadded again, and the resnlting sign* is provided as the eolor eomponen. 

OUtPUtVC °' ^n,«te«rt1^^^ Q ' B - to ^ 2WC ^ 
20 eleotionbeamonthesereeninto.h^eseparatelhres.witttthemagnetiepolesofftre 
t—^heingarrangedasshowinFig. 
Lsil^edeflect^ 

respeotively. ^^^^^fc^^^pcl. 4 is in between 

L^dinFig. 13a. Upon deflecting the electron beams in thescaunmg dnechon from left 

30 ^ianddeftectionnnitStodefteotti.eside-be.nrsdownw^andnpwards.ftreiensS 

the deflection unit 3 will counteract this effect. 

T hisleads«otbefoUowinga I ,efa,t ; Supposefl l atft l e q uadrupole4 g eneratesa 

Sb.uebearns.htflte^.erofthescreenawherefltedeflectionuuitSrsoffaudbencethe 
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action of the lens 3' is zero. Then, upon deflecting the beams, the deflection unit 3 will act as 
a lens and the vertical spacing between the landing points R, G, B of the beams will be 
reduced. So, a quadrupole 4 positioned in between the gun 1 and the deflection unit 3 will not 
suffice to split a scan line into three parallel scan lines for the red, green, and blue beams. 
There are several remedies for this problem: 

• Rotate the gun 1 slightly such that the beam trajectories are as depicted in Fig. 13b. 

• Ad a small rotation coil 5 in between the gun 1 and the quadrupole 4 as shown in Fig. 14. 
When sending a small current through the rotation coil 5, this current will cause rotation 
of the three electron beams leaving the gun 1, having the same effect as rotating the gun 1 
slightly. So, this also results in the beam trajectories as depicted in Fig. 13b. 

• Locate the quadrupole 4 at the same location as where the action of the lens 3* of the 
deflection unit 3 is located. Then the lens 3* has no effect and a rotation coil 5 is not 
needed. In an embodiment, the quadrupole coils are wound around a yoke ring of the 
deflection unit 3. 

The currents through the quadrupole and the rotation coil may be static 
currents (i.e. they vary as a function of time). Therefore, the quadrupole may also comprise 
permanent magnets. 

Specific embodiments of the invention have now been described. However, 
several alternatives are possible, as will be apparent to someone skilled in the art. For 
example, different scanning schemes for the scanning path are possible. Still further, the 
implementation of the control method could be accomplished in different ways, for example 
in specially dedicated hardware or in software for control of already existing control means. 

Further embodiments are described in EP application number 02078782.6 
filed on 13 September 2002, the priority of which is claimed herein. 

In the description of the preferred embodiments above, reference has been 
made to specific colors. However, it will be appreciated by someone skilled in the art that in 
all the embodiments the primary colors are mutually interchangeable in order. Still further, it 
would be possible to use other colors instead of the proposed ones. Still further, the invention 
could also make use of a different number of color generating beams, such as only two 
independent beams, or four or more beams. 

It should further be understood that the discussed directions merely serve as 
examples, and e.g. the phosphor depositions may be arranged in either the vertical or 
horizontal direction, or any suitable direction in between. The same applies to the scanning 
direction. Usually, a video line is scanned in the horizontal direction, the subsequent lines 
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being scanned from a first line to a last line in the vertical direction. However, for the 
scanning patterns proposed in this invention, the physical scanning direction can be chosen 
arbitrarily. 

Such and other obvious modifications must be considered to be within the 
scope of the present invention, as it is defined by the appended claims. It should be noted that 
the above-mentioned embodiments illustrate rather than limit the invention, and that those 
skilled in the art will be able to design many alternative embodiments without departing from 
the scope of the appended claims. In the claims, any reference signs placed between 
parentheses shall not be construed as limiting the claim. The word "comprising" does not 
exclude the presence of elements or steps other than those listed in the claim. The word "a" or 
"an" preceding an element does not exclude the presence of a plurality of such elements. 
Further, a single unit may perform the functions of several means recited in the claims. 



SUBSTITUTE SHEET (RULE 26) 



